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Introduction
Acid -glucosidase (EC 3.2.1.3) is a lysosomal enzyme present in a wide variety of tissues (liver, kidney, gut). This enzyme is normally present at low levels in human urine äs a result of normal turnover and lysis of tubular cells; since it is practically absent from plasma, its increase in urine appears to be a sensitive indicator for tubular damage (1) (2) (3) (4) (5) (6) . Acid -glucosidase activity has been measured either photometrically, with maitose äs a Substrate, or fluorimetrically utilizing the synthetic Substrate 4-methyl-umbelliferyl*a-i)-glucopyranoside (7) . The glucose released from maitose was assayed with ö-toluidine (8) or enzymatically with glucose oxidase (9) or hexokinase (10) . WMle the ö-toluidine method must be considered to be obsolete, the maltase contamination is a major disadvantage of the glucose oxidase method; furthermore both these methods are rather complicated and time consumiiig äs is the maitose and hexokinase method (11) . The use of the 4-nitrophenyl-a-Z)-glucopyranoside äs a synthetic Substrate has been proposed in preliminary experiments (12) . In this study, we present an optimization of this method, characterized by great simplicity and good specificity. Optimal conditions for the storage of urines and their preliminary treatment are also illustrated.
Materials and Methods
Sephadex G-25 fine was obtained from Pharmacia; 4- 
Subjccts
Urinc spccimens (from patients presenting with advanccd chronic renal failure, and from renal transplant cases) selected to cover abnormal ranges of α-glucosidase activity were obtained from our hospilal clinical laboratory. Specimens from carefully selected healthy subjects were collected to cover the normal ranges and for preliminary reference values. Healthy subjects (males and females ages 20-50 yesirs) were judged from physical examination and routine laboratory tests (normal urinalysis and creatinine clearance); they had no illness and were not under medications, there was no history of renalgenital-urinary tract disorders, and none was using drugs known to affect enzyme release in urine.
Urine collection v' 1 · Acid α-glucosidase was determined in random morning or in timed (8 -12 h) urines; bacterial growth was avoided by adding 5 ml of 29.6 mmol/1 sodium methiolate solution to the containers (13) . Samples were stored at 4°C and assayed within 24h of collection.
Urine treatment ct-Glucosidase is^separated from possible Inhibitors by gel filtration. Plastic columns 20 cm high, 10 mm diameter (Bio Rad Econo Columns), containing 7.8 ml of Sephadex G-25 fine previously swollen in a NaCl 154 mmol/1 solution, were used. 1 ml of the supernatant of the centrifuged urines (10 minutes at 1200 g) is applied to the column. When the sample is completely absorbed on the gel, add 1.5 ml of NaCi 154 mmol/1 solution, allow the column to drain and discard the eluate (2.5 ml). Add 2 ml of the elution solution to the column, allow to drain completely coJlecting the eluate (2 ml) containing α-glucosidase. Wash the column with a solution (30 ml) containing NaCl 154 mmol/1 and NaN 3 3.1 mmol/1. The columns, filled with NaClNaN 3 solution can be stored at room temperature for several months and reused for many samples. Alternatively urine specimens are dialysed according to Ceriotti et al. (13) .
Aliquots of 0.25 ml of the reaction mixture are collected at 0 (sample blank) 30 and 60 minutes and added to l ml of 2-amino-2-methyl-l-propanoI buffer to stop the reaction. The absorbance is measured at 405 nm against a reagent blank (0.125 ml saline, 0.125 ml Substrate, l ml 2-amino-2-methyl-lpropanol). With each set of determinations it is advisable to run a Standard containing 12.5 nmol of p-nitrophenol, 0.125 ml of saline soiution, 0.125 ml of working Standard solution, and l ml of 2-aminoT2-methyl-l-propah r ol, which is measured against a reagent blank (0.25 ml saline and l ml 2-amino-2-methyM -propanol). = factor to relate the vaiue to l ml of eluate 2 = dilution factor d e to column elution 12.5 == nmol of /7-nitrophen l in the Standard The urinary activity concentration of α-glucosidase can be expressed in U/mmol creatinine.
Other Methods
As reference method, we adopted the method described by Kochmann et al. (11), using maitose s Substrate and hexokinase to determine the reaction product. Urinary creatinine concentrations were measured by the alkaline picrate reaction (14) . Neutral glucosidase activity was assayed by the method der scribed by Kochmann et al. (11) . Column eluates and Substrate are separately preincubated about 15 min at 37 °C. Then 0.5 ml of eluate (in duplicate) is added to 0.5 ml of Substrate, mixed and incubated at 37 °C.
Assay of acid α-glucosidase activity

Results and Discussion
Pretreatment, Storage and Expression of Results
Effect of gel filtration
Urine is a very unfavorable environment for enzymes; wide variatio s in hydrogen ions, variable salt concentrations and unpredictable presence of different inhibitors and activators interfere with the assay of urinary enzymes. While dialysis and Ultrafiltration are applied for inhibitors, activators or interfering chromogen removal in many enzymatic determinations (15 -18), we preferred the gel filtiatiori because it is more practieal (less time consuming, no need of trained personei, reproducible results) in clinical laboratories (16) . Moreover this procedu-re permits the preparation of a single specimen for the assay of multiple enzymes (15) . By colleeting the elution volume from 2.5 to 4.5 ml s deseribed, 97% of the total enzymatic activity is recovered from the column. As glucose is an Inhibitor of acid α-glucosidase activity (17), we assayed enzymic acitivity on 3 urine specimens with different glucose Contents, before and after gel filtration. Data reported in table 3 confirm the Inhibition by glucose and reinforce the need of gel filtration for its removal.
Results in timed versus random collected urines
We assayed 143 specimens from hospital patients and healthy adult subjects for acid α-glucosidase activity. Figure 1 shows the excellent correlation (y = 7.5 + 9.25 x, r = 0.9199) between results expressed in mU/ min (x) and U/mmol of creatinine (y). The correlation is sufficiently good also in pathologic specimens. We therefore propose the use of random urine samples, thus avoiding unpractical timed collections of urines We studied the effect of storage temperature and urine pH on enzyme stability on urine samples immediately eluted, and then stored, in comparison with the same samples, stored in the same conditions and for the same time, without preliminary elution.
Pooled urines with pH values of 5.5, 6.5 and 7.5 respectively vvere divided in two aliquots each, one of which was eluted on the Sephadex column. Both the unfiltered urines and their eluates were then subdivided into several aliquots and stored at different temperatures: 4°C, -20°C and -80°C for four months. At stated intervals of time the aliquots were analysed (the previously unfiltered urines were filtrated just before the enzymatic analysis). We observed that -80 °C is the optimal storage temperature for both urines and eluates of any pH. -20 °C is an unfavorable storage temperature, while the stability of unfiltered urines at 4 °C is good, at least for l month, except at pH 7.5. To better verify the effect of the urine pH on α-glucosidase activity we divided one urine sample (initially pH 5) in various aliquots, which were brought to pH 6.5, 7.5 and 8.5 adding NaOH. The specimens were kept at 4 °C and 37 °C and assayed after different intervals (0, 2 h, 4 h and 24 h). We found that the enzyme is stable up to pH 6.5, but for mqre alkaline pH values there was a continuous decay of enzyme activity. At pH ^7.5 there was an immediate denaturation. Thus we consider a urine with pH 7.5 or more s inappropiate for acid α-glucosidase determination.
Optimization of the assay
Effect ofsalts
The influence of several different salts (Zn acetate, CaCl 2 , MgCl 2 , Na 2 HP0 4 , CuCl 2 , Fe(NH 4 ) 2 (SO 4 ) 2 , KC1) on α-glucosidase activity was investigated, using a 5 mmol/1 final concentration of each salt in acetate buffer; only iron salts and KC1 have an activating effect on enzymatic activity (about 30%). As iron salts cannot be used because of the ferric hydrate precipitation when blocking the reaction, KC1 was the only usable salt, s already reported in literature (11, 17) . The optimal KC1 concentration was 10 mmol/1 (final concentration in the reaction mixture).
Optimal reaction pH
Using a buffer containing a final concentration of KC1 of 10 mmol/1 at different pH values (3.6-5.0), we verified the dependence of acid α-glucosidase activity on the pH of the acetate buffer. We found an Optimum pH curve with a maximum between pH 4.2 and 4.6 ( fig. 2) , which does not significantly differ from the maxima reported by Kochmann et al. . We prefer to work at pH 4.2, which gives a more specific test for acid c^glucosidase.
Blockage of the reaction
The originally prepared Na 2 CO 3 solution (12) was replaced with 2-amino-2-methyl-l-propanol buffer, because the Na 2 CO 3 does not completely stop the enzymatic reaction.
Substrate concentration
Highest acid α-glucosidase activity was obtained at the final concentration of 10 mmol/1 of Substrate; complete Saturation of the enzyme with Substrate could not be achieved because of limited sol bility of 4-nitrophenyl-a-jD-glucopyranoside ( fig. 3) . At the Substrate concentration chosen for the routine procedure ( 
Linearity
To study the linearity, an artificially high concentration of enzyme was prepared by concentrating a urine pool with a Minicon concentrator BIS. An enzyme concentration was obtained approximately 20 times higher than that of normal urine. In figure 4 the results of the enzymatic activity in such an urine and in its scalar dilutions are reported; despite the relatively low Substrate concentration, the linearity of the reaction is good up to 50 U/l. The duration of the enzymic reaction and the absorbance of released /?-nitrophenol were linearly related up to 25 U/l between 0 min and 60 min, and up to 50 U/l between 0 min and 30 min.
Precision
Acid α-glucosidase was assayed in quintuplicate for three days on two samples of different acitivites. We found good between-run and within-run coefficents of Variation relative to the whole analytical process (tab. 4). 
Specificity
In 8 alkaline urines no acid α-glucosidase was detected with our method, in spite of normal or very high levels of neutral α-glucosidase (from 1.05 to 22.55 U/l) detefinined with the Kochmanrfs method; thus, any interference by neutral α-glucosidase in our method can be ruled out.
Comparison with reference method
We assayed 32 samples for acid α-glucosidase activity by our method (y) and the method of 
Preliminary reference values
We assayed 59 urine samples obtained from carefully selected faealthy adult subjects (46 female and 13 men). The Values were obtained on random morning samples. The observed values ranged from 0 to 22.1 U/mmol creatinine ( fig. 6 ) (10 percentile = 6.22 U/mmol creatinine -and 90 percentile = 15.88 U/mmol creatinine). 
Conclusions
The method proposed is simple to operate, and shows high precision coupled to accuracy and specificity, s demonstrated by the good correlation with the reference method and by the absence of response in specimens with pH > 7.5 (denaturating condition for acid α-glucosidase but not for neutral a-ghicosidase). We confirm the necessity of sample pretreatment for a better standardization of the method and the importance of standardized storage conditions (-80 °C or 4 °C, for shorter periods, but not -20 °C!) and urine pH (complete denaturation when
